
RESEARCH MEMORANDUM 
for the 

- NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 



. 

6 
& 

'I 

for t h e  

A i r  Materiel C o n a n d ,  Army Air Force8 

This report contains the r e s a t e  ~f tests of a 1 / 3 4 c d e  d e l  
of the Lockheed Y-QA "Shoothg Star" airplane a d  a canpison  
of drag, maximum l i f t  coefficient, and elevator angle required for 
level flight a~ measured in the wind tunnel and in   f l igh t .  Included 
In the report are t h e  general aerodynamic dharacterist lca of the 
model and of two t y p e  of dlvt+recuvery flaps, one at several p i -  
tions d o n g  the chord on t h e  lower surface c& the w i r q  and the other 
on t h e  lower surface of the fwelage. 
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The YP-, 88 i l l u s t r a t ed  In figure 1, is a slightly modified 
version of the  xP.80 airplane; t he  d i f i c a t i o n a  include changes in 
the duct inlete, enler$ng the ceIi+,er fuselage section, rounding the 
t ips  of the w i n g  and the tail surfaces, extending the leadin&-aQe 
fillets, dynamlca3ly mass-lbalanclng the elevator, and l sc reae iq  the 
elevator area. To t h e m  '.&an.gea, togother with an improved method 
of tunnel callbration and model support used in the present i n v o ~ t i -  
gation, can be a t t r ibu ted  the discrepancies that exiet  betwsen the 
results of t h i s  test and those of previous mode l  toets .  

This tnve~tigatlon has been conducted over a Mach number ran@ 
beween 0.3 and 0.85 and 8 Reynolde number range between 4,180,000 
and 7,610, OOO. The ReynolLde number range, as illustrated by figure 
2, is approximately equivalent t o  that of the a i r p h e  in flight at 
40,000 feet  altitude. 

The tes ts  were cmdwted in tho Amea 16-foot high-epced wind 
tunnel, Moffett Field, Calif., and were witnosaod b . ~  Mr. Frank 
Dufldhik of the Loclsheed Aircraf t  Corporation. 

The flymbols used in this report  are defined as f o l l m a :  
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free-atream velocity, feet ger second 

free-etream m a s  demlt;g, slug6 per cu3ic foot 

free-+tream v c  p e e m e  (5 p P >  , pound8 per square foot 

Mach number 

critical mch number (the freo-stroam Mach number at which 
t h o  flow over t h e " d o 1  first reaches tho l o c a l  apood of 
sound) 

Reynolda nmber 

wing m o a ,  square fsot 

c 

moan aerodynamic chord, feet  

elevator sgan, f e e t  

elevator mean-equare chord a f t  of hinge Uno, squaro f o o t  
. .  
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Gm pitching-mcrment coefficient (?? 1s M.A.C. ? 1 tching moment 

X D  increase in drag ._ coefficient 

ac, increase -in gftch-nt cooff ic ient  

@% increaee in elemtor hhge-mament coofficient 

0: angle of a t tack of the fuselage reference line, dogreea 

=0 angle of attack of the fuselage refersnce lfne for zero 
l i f t  degrees 

QU uncorrected angle of attack of the fuselage reference line, 
degrees 

&a, Increase in angle of attack, degrees 

pz 

PS 

P 

PCr 

elevator angle w i t h  respct  to the etabilizor chord, 
degro ea 

hive-recovor;g f l a p  angle w i t h  respect to the surface 
(wing or fuselage) at point of flap attachment, degmes 

elevator tab angle w2th reepct to the elevator chord, 
degrees 

stabilizer angle with respoct to thq fusolage re for~nco  
line degrees 

M i c a t e d  acceleration of graTity, 32.2 feet  per second 
per second 

critical proasuro coofficient (tho proaauro coofficiont 
which corresponds ta tho l oca l  volocftj  of somd) 
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MODEL AMD A3?2WUTUS 

NACA RM NO. A’jA29 

A 1/3+3cde modol of the Yp8aa airglano furnished by tho 
Lockhead Aircraft Corporation was usod to conduct t h f s  inve8tl- 
gatim. The fuselage KBS con~tructod of wood and shost steol wlth 
a steel spar and framework. ’Ilhe wing had a maple leading eQo and 
an aluminum trailing edge and contained a staol box epar covored 
wfth mahogany. The horizontal and var-kfaal gtabilizors an8 the con- 
trol  surfacos were machined from aluminum alloy. 

Tho model was mounted on four >prcont-thick  front  struts and 
a 7-percont-thick  rear  strut as flluetratod by figure 3. The angle 
of at tack of the model was varied remotsly by vortical motion of tho 
rear strut. I n  ordor t o  minimize variatfona in t h o  taro m, 
transition waa fixed on the eupport etruts at 15 porcent of thoir 
chord. 

The choking Mach nunibor cif tho wind tunael with the modol 
mounted on tho etruts waa ostimatod to be 0.87. 

Forces and moments $ct- on tihe model w e r e  recorded by mechani- 
cal balmcos. Elevator hfnge moments wore computed froan measurements 
of the e t ra in  of a steel cantilevor with an electric  etrain gage. 
Elevator angles were rembtely varied and the elavator positions wore 
Measured  with an autoqm indicator. 

Air was brought  into  the fuselage through M o t s  on oach sido 
of the heelage forward of the wfng-fuselago juncture and dlechaxged 
at t h e  tail of the model, Tho rate of air flaw into t h e  ducte w a s  
regulated to simulate high-speed level-flight caditiom by varying 
the  mea  of openings in grids within tho fumd.ago. Moasuromnts of 
total amd static prosaures at the duct  OPtranCo md exit W o r O  u s ~ d  
to evaluate the rata of air f l o w .  

Dive-recovery f l a p s  were tes ted on t&e lower surface of the 
wing and fuselage aa illustrated in figure 4, The wing djve- 
recovery f l a p s  had a chord of 1.80 inches (model ibmnsion) and 
extended &on& the span from 21.00 lnche8 t o  33.00 inches froq 
the model center l ine .  

Two fuselage flaps,  each having a chord of 8.75 inshes and a 
8pe.n of 5.44 inchee (model dimenaim), were Located  symnetrically 
with respect to  the fuelage reference l ine.  The f l a p  conformed. 
with the f’ueelege contour when f u l l y  retracted. AB t h e  flaps were 
lcrwered 80°, the hinge l ine  moved from 5.45 percent of the ving- 
root chord ahead of the leading edge to 6.26 percent aft of t h e  
leadLng edge. 

The cap le t e  model consisted of a wing a d  fW3elage with 
f i l le ts  and ducts, pi lo t  enclosure, and a horizontal and vortical 
tail with a dorsal f in .  Accessorlee were added, for drag 
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comparison purpee ,  to &e the model identical with the airplane 
used in the flight tests. These accessories  included an airspeed 
boom, a pftch, yaw, an& temperature boom, R droppable fuel-tank 
mooring, a standard pitot ,  and a radio a n t e m .  

The elevator had a conatant-radius leeding edge about the 
hinge line with  flat  surfaces  extending from t h e  h f q e  l ine to tho 
trailing edge. The elevator hinge line wa8 perpendicular to t h e  
fuselage reference lfne and at 75 percent of' the chord of the hori- 
zontal t z i l .  The e.11 between  the elevator and stabilizer was 
unsealed. 

wing 

span.. . . . . . . . . . . . . . . . . . . . . . .  13.00 ft 

Area . . . . . . . . . . . . . . . . . . . . . . .  26.33 sq ft 

M.A.C. . . . . . . . . . . . . . . . . . . . . . . . .  2.24 ft 
Dihedral. . . . . . . . . . . . . . . . . . . . . . . .  3°4-C1 

 ROO^ section . . . . . . . . . . . . . . .  mc~.65~413,a=0.5 
T2p secticn . . . . . . . . . . . . . . .  l&Ck 651*l3,a=O.5 

Root incfdence . . . . . . . . . . . . . . . . . . . . . .  lo 
Tip incidence . . . . . . . . . . . . . . . . . . . .  -@ 

. . . . . . . . . . . . . . . .  m ? 5 r  ratio ( root tip chordJ 0.380 

Horizontal T a i l  

span . . . . . . . . . . . . . . . . . . . . . . . .  - 5 . l g f t  

Section . . . . . . . . . . . . . . . . . . . . .  NACA 65-010 
Incidence . . . . . . . . . . . . . . . . . . . . . . .  1% 

Taper ratio ( -- . . . . . . . . . . . . .  
Tail length (25 percent of the M.A.C. to. t h e  elevator 

t !TY chord 
ro& chord. 0.308 

hinge line) . . . . . . . . . . . . . . . . . . . .  5.49 ft 
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Elevator nean-squara chord aft of hinge l5no . . . .  0.0577 s q  ft 

Elevator area et of hinge line . . .  - . . . . . . . .  0.970 sq 

Vertical T a i l  . . 

s p a s l . . . . . . . . . . . . . . . . . . . . . . . . .  2.142% 

Aroa (total) . . . . . . . . . . . . . . . . . . . .  2.49 6Q ft 

Sjoctcon . . . . . . . . . . . . . . . . . . . . . .  ~ C J .  63-010 

Inctdence . . . . . . . . . . . . . . . . . . . . . . . . . . .  o0 

Tapor rat20 . . . . . . . . . . . . . . .  0.400 t i p  chord 
root chord 

Rudder maan-sqw-e chord aft of hfngo lino . . . . .  0.106 eq ft 

Iiuddor aFoa aft; of hinge Uno . . . . . . . . . . .  0.583 sq f t 
Ducta 

Entrance a r o a  (both ducts . . . . . . . . . . . .  0.319 E q  f t  

Exit aloa . . . . . . . . . . . . . . . . . . . . .  C.21' i  Sq ft; 

RETWCTION OF DATA 

Tho I'ollowSng corrections havc boon appliod to tho data 50 
compnsato for t . q o l - w a l l  offocts accorbiw to. tho mthod of 
reformco 1: 

. 

. ." 

..... 

A corroction for f l o w  !ncl:nation calzulatcd from tho  sh.r.ft in 
tho -10 of zoro l i f t  gbtalnod frcm data w i t h  tho modo1 oroct and 
invertod has boon applied t o  tho anglo-of-attack m d  drzg+oofficiont 
d.aka as follms: 

Lbr = 0.20 
I" 

I 
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the s t ru t s   i n  place. The measurements were made by the method 
described  in reference 2 through the me of long booms Incorporatfw 
static-pressure  orifice8 an& extendfng w a l l  forward of a transverse 
a i r f o i l  which supported them. Local Mach numbers were cnm-puted 
from the s t a t i c - p s s u r e  readings. The wind-tmnel calfbratLon wa8 
taken as the average of the l aca l  Mach numbers corrected for con- 
s t r ic t ion  due t o  the mdal  according t o  the method of reference 2. 

Correction8 for t a re  forces and moments of the s t ru t s  have 
been appSfed to the form and mcanent data. Theae tare8 were 
evaluated by ccanbining t h e  Bepra te  effects frcan tests mad6 w i t h  
and without  the u p p r  and lower front strut8 and the rear strut. 
Because of strength  Urnitations of the front s t ru ts  when in cat+ 
pression, complete tare data w e r e  not obtalned at high Mach 
numbers. Extraplatione of tho tare data were made when necessary. 
Consequently, the peciaion of t h o  high+pod data 28 not known 
with  certainty f o r  t h e  entire lift r-3. Cornslete t a re  data were 
obtained in  the  region of zero  lift at allMach numbers. 

Unless otherwise noted, all ~itchin&-mamant data have been 
cmmted about a point on the fuselage reference line above a point 
a t  25 percent d the mean aerodynamic chord. 

DISCUSSICIN OF RESULTS 

Aerodynamic C'haracteristice 

The l i f t ,  drag, and pftchfng-ent re la t ionehip for t he  model 
are illustrated in figmes 5 to 12. The minimum dzag caefffcient as 
8 h m  by figure 5 ,  which excludes  the internal duct drag, is 0.0115 
at 0.30 Mach nrrmber. A t  low l i f t  coefficient8 between Mach nmbors 
of 0.30 and 0.76, the drag characterletice remain ossentiallg 
changed. Aa the Mach number increase8 above O.$ there I s  a rapfd 
r i s e  i n  drag coefficient as ehawn i n  f i w e  8. A cgnpariaan of the 
drag  coefficient f o r  the airplane aa meaeurod in flight and for the 
complete model with acceasoriee as measured in  the wind tunnel is 
presented i n  figure 9 f o r  the flfght-test l i f t  coefficfants. The 
weement of the flight and the wfnd-tunnel data i B  excellent at all 
Mach numbers of the test. The close'  agrcanont between the low-qeed 
data may be partly fortuitous  considering that the flight--tost drag 
was cmputed f r o m  the thrust (the predcaninate force at low spood) 
taken from an engine calibration e t .  Tho drag data at high MEtch 
numbere are on a better basis f o r  capa r i son  because the flight-toet 
drag wee'cmputed pzlncipally from graTibational cmpomats, jot 
thrust  being of secondary importance. Tho flight results are t&m 
from data previouelr issued in preliminary form. Rofinommts i n  
ca l ibra t im of the  flfght-tsst imtnunonts ham becn mado skco   t he  
data were f i r e t  iesued. 
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The ef fec t  of Mach numbor on lift coefficient, .w promntod in 
f igurs 10, shows an incroaso i n  l 3 f t  cooff ic ian t  f o r  a given an@.c 
of attack with %creasing Mach Iwobor until the Mach numbor of l i f t  
dlvorgonco is roached, follow& by a rap1 d d-ocrmae In l i f t  
coofficiont. Also sham Ja a cum0 of maxhnm lift; coofffcjont f o r  
tho model tri.mued f o r  zero ?itching moment and f o r  the a3,rplano as 
moasurod !.n flight. (So0 r o f o r a c o  3. } Bocausa of tho l a rgo  lift 
loader a c t l q  on tho model at high Mach nmore  at tho maximum lift 
c o s f f j c i m t  (approxjmtoly 14,000 I%), t h o  modol w m  mountod on 
two vt;rt!.cal >prccnt"thlck strute having groator atrongth than 
tho four struts m o d  ilurfng tho rmair,dor of tho  t oa t .  Tho agrco- 

numbora above 0.50 whore the effect  of E i q n O l i L 8  nunibor l e  small. 
At low a p e d  whom male affocte  prodominate, l a rgm mximm lift 
coofficlctnts aro o x p c t o d  for tho fulL-scalct airplano than f o r  thlj 
modol . 

m o n t  botwcen tho f l i&t  a d  Wind-t-6: d&t& TS gWd f o r  Mach 

Tho l l f t  curvos f o r  tho model Incroasc In elopo w i t h  incroae- 

ing Mach numbor at a lowsr  rata than t h o  ' wcroaso 

prodictod bp Glauort'a theo~~r, a8 shown in f Q m e  11. Tho Mach 
numbor of lift divorgcnce is approximatoly 0.77, at zero lift 
coofffcTont and it is followed by a sucldon dcrcroese in 1if'"Vcurva 
s l o p .  Tho angle of at-tack  for zoro l i f t  f o r  tho modol remaine 
unchanged a t  -1.5' until tho Nach numbor of lift divorgcinco i e  
roachod, abovo which At rapidly Fncmasas to a p s i t i v o  value. 

47ZF 

Thceo chanp;cs in t h e  lift charactarfati.?e at high Mach nmborB 
produce cplangos i n  th, static longitudinal-stability and -control 
charactorist ics.  Fjguro 12 prosonts tho pitching-mamont characto? 
i s t i c s   f o r   t h o  modo1 w i t h  and w.Ithout tho tai l  for scvoral lift 
coofficionts. Whon no chsngo i n  cllovator anglo w a s  assumed, a 
d'iving tondencr would ba roachod a t  approxfmtqly 0.77 Mach numbor, 
and thia tandoncy would boccano more 8ovoro aa thcl Mach nanbor 18 
incroasod. Asaociatod w i t h  t h i s  diving tondoncjr is an incmaso fn 
static longitudinal  Btabilitg. At 0.85 Mach ntzmbor and 0.1 lift 
coefficient the s t a t i c  longitudinal stability :8  approximately 50 
percent peater thar? the  hw-epeed value. A reglan of e t a t l c  
i n s t ab i i i t y  occurr i rg  at lift ccefficiente greater than 0.60 
between Mach numbers of 0.70 and 0 . T 3  ma3 cause control   d i f f laul t iee  
which would be dieconcertlng t o  a p i l o t  when maneuveriw at high 
speede. With the tail removed, there i a  a gradual decrease in the 
s t a t i c  longi tudjna l  instability untl l  a Mach number of 0.825 i 8  
reached. A t  0.85 Mach nLmiber a reversal in the static: lor@tudinal 
inatablllty occura between l i f t  coefficient6 af -0.2 and 0.1. In 
general, the a e r o d m c  characteriatfcs af t h e  model at  high speede 
present longitudinal-control problems eimilar to those discussed :n 
reference 4. 
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Longitudinal Control 

The effectivemas of the elevators- - to produce changes ($?) 
in trim at lm speed is 0.0133 aa shown in figure 1.3 and %his ~al .1~8 
decreases only slightly at the higher Mach numbers. The elevator 

effectiveness -(2) fa  not  apprecfably affected by deflecting 

the wing or fuselage avo-recovery flaps, The stabilizer effect5ve- 

ness - (-) which is approxlmateQT O.M? at 0.30 Mach nmiber, &8 

shown by figure 14, is etill increasing at 0.85 Mach number. Figure 
15 presenta the elevator hinge-mmant coofficiente. No large 
changes in dChe/dG, occur w i t h  increasing ~ a c h  number. me rate 
of change of h1ngedlconsn-t coefffcient Mth increa~ing lift  coeff€- 
cient or angle of attack is d in ab8ofute magnitude and 
changes Zron a nega-:lve to a positive value at Mach number8 above 
0.75. Figure 16 shows that Mach n@er has only  a slight effect 
3 n  decreasing  the  elevator tab effectivenese - ( d4Cho/d5t 1. 

dAcm 
a t  

Calculated  stick forces  required during the pull-ups &re 
shown i n  f i p e  17 for three altitudes. The stick-force db- 
lations w e r e  made an the  assumptian that no tabs, springs, or boost 
are connected in the control l i nkage  an& that the control system l a  
m.ss4alanced. The effect of t h e  tail dampix moment due tcr curvi- 
linear flight l e  cornidere&. Unless otherwi8o noted, a ufng loading 
Of 50 poLUlh8 por Square foot ie -8-d for Etn ~ c ~ t i ~ ,  d 
the center of gravity fs assummd to be on the fuselage ref Orence 
l ine above the 25--percent  point of the moan aerodsnanfc chord. The 
airplane is assumed to be trimmed at 450 milos pe? hour at 20,OOO 
feet  altitude. Figure 18 indfcates tbat tho afrplane w i l l  be stable 
with  the  stick free at sea level for Mach llunibers bolm 0.n and at 
40,000 feet  for Mach nunibera below 0; 68, The airplane apgear8 to 
have 8tick"fixed stability at 6- level for Mach nxt&or8 b o l m  0.53 
and at 40,000 feet for Ekch nzn;ibere below 0.72. The rapfd increase 
in  stick  force at 0.8 Mach nzmit>er is primartlg cauaod by the In, prease 
in static longttudinsl s t ab i l i t y  and the decmaeo in the pitching 
mment as shawn by the c m e s  of figwe 6, A canparfaon of the 
elevator angle required for level flight fs made fn figure 19 
between flight4est measummnte (prolimlnar=y fli&t-teat data w i t h  
subsequent refinemnte in a.mlysIs) and wind-tunnel cdcuhtiane. 
The flight-teat masurawnte and the wind-tunnel calculations are 
M e  for a w i n g  loading of 45 pounds per 8q-e foo t  nith the  center 
of gravity at 28 pcrcent of the  lean aer0Q-c chord at an 
altitude of apprcxfmately 20,000 feet. The vsriatlm with Mach 
numbor l a  s W l a r  for. the two ~8~08. A smaller uwlevator angle 
is  indicated IIT the wind-tunnel data at all Mach numbers. A broak 
in the flight-teet curve at 0.74 Mach number also i B  indicated in 
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the wind-tunnel curve at approximately the 6- Mach number. This 
irregularfty :a. caused by a small increaee in a t a t i c  long,; !..ud:nal 
stab!-litg at t h l e  Mach number, as shown by the pitchiw+mment 
CUI?TBB of f5gure 6 .  The.agreeruent between the flight and wind.- 
tunnel data is reaeombls inasmuch as the ole-=ator anglee required 
are  seneltive t o  irregularities Fn the manufacture and alfnoment 
of either  the model airplane. 

The effect-of changes i n  cents&&Javity losaklon an the stick 
forces :cequSrad dur:lng pull-up at 20,000 feet is ehown i n  f F gure 20 
and the effect  of these changes on thc? atlck-fcr?,o gradient !.e sham 
i n  figure 21. Chan@ng the centor of m v l . t y  from 25 to 30 porcont 
of the m o a n  aeroQnamic chord. reduces the stick-force gradient from 
9 t o  4 pounde per e at 0.75 Mach number and 20,000 f ea t  altitude. 
A n  lncrease ?n  etlck-force gradient occurs-at 0. ?'-%ch numbor f o r  
a l l  center-of-avits p o a i t i w  presanted. The center-+f-gravlty 
positlon a t  which the e t a t i c  Songitudinal stabil i ty fs pmdictod to 

be neut.ral - - = 0, the neutral  point with the stick fixsd, 

.is a150 presented in figure 21. IncreaeIng tho Mach number c h a q e s  
the  neutral'  point w i t h  the stick f txod f r o m  approxlmatoly 31 per- 
cent of the mean aerodynamtc chord at Mach numbsre below 0.65 to 36 
.percent of the mean aerodynamic chord at a Mach numbcr of 0.85. 

ac, 
% 

From the langitu&inal  control data prosentod, it a p a r e  that 
the YP-8OA airplane should have M diff icul ty  wj-th longitudinal 
control when recovering frm a high-epead dive up t o  at loast  0.85 
Mach m.n&er, tho lfmit of t h e  t e a t .  

Wiw Pressure Diatribution 

Moasuromonts of prossure djstribution, a8 proaentod in figure 22, 
were obtainod at a wing stat5on 26.00 lnchee fram t h e  contor Lfno 
of tho model along tho wing spn. The affect of wing tho atLi- 
tude of kho model f o r  aovoral Mach numborB i a  ehown j.n figure 22, 
whilo thc   effgctaf  changing tho Mach numbor f o r  two lift coeffl- 
ciente :a shown ir" ?!gum 23. For a canstant l i f t  c o d f i c l m t ,  
thoro iB only a slight shift ,In the hza t ion  of the peak pross?lro 
on tho uppor surfaco xi t,h itlcroaaing Mach numbor, but t h o  PG& 
proesuro m o v o ~  aft on tho lowor surfaca. Sopration af t h c l  flow 
b o c m s  m r o  sovero on both surfacos &B the Mach &or Sncmaeoe 
abovo 0.8. " 

I 

4 
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The wing  dive-recovery flaps are  effective f o r  producing a 
clhbiw moment, e.a indfcated by figure 25. Their  effectiveness 
is maximum a t  a Mach nuniber of approximatela. 0.75 and rapidly 
decreases at Mach  numbers above 0.80. The data <lldicate  that the 
effectiveness mar become negligible at a Mach nuniber elightly 
greater than 0.85. Figure 26 shows that with the tail removed the 
increment of pitching  maanent  becames  negative at  appraximatelg 0.74 
Mach number w i t h  a 45O f l a p  deflection.  With the airplane in flight 
at high ?.fa&- numbers, this negative pitchfng-moment lncremsnt is 
balanced by a large damload on tke ta.51.. Figure 27' premnts data 
showing t h e  effect of f l a p  location along the chord on the effect" 
ivenoss of dive-redovery flaps f o r  producing a climbing mcaneat. It 
appears that, f o r  the TP-808 airplane the optimum locatim f o r  
producing a climbing m k n t  18 at apgroxhtelg 35 percent of the 
chord. However, thfa yoeition a lso  produce8 large diving moBpBnta 
at high Mach mznibers with the tai l  removed, 88 sham in figure 28. 

. The drag increment f m  deflecting the wing divsrecovery 
flaps is presented in figure 29. A t  the higher Mach numbers, this 
increment  increaees at a faster rate w i t h  increasing  Mach nuniber 
than at lower speeds Because of the  increaaed separation on the 
upper surface of the wipg, as indicated by figure 30. 

The effect of wing dive-recovery flaps on t h e  wing pressure 
distribution  ie s h m  in figure 30. At low Mach numbers there is 
little  change in the upper-aurf'ace,p-esaure distribution, but the 
flaps alter the lmer-surface pressure distribution t o  produce the 
climbing m m t  s h m  in figure 26. 'At a Mach m e r  of appoxi- 
mately 0.75 a ccanbinatian of rearward shock  movament and Increasing 
separation on the upper surface prodzices a divfng mcpnent which 
overbalances the clfmbing mcanent resulting f r m  the  larer+turface 
pressure distribution. 

The fuselage divo-recovery flaps poduce climbing mrszents if 
. .  

large flap deilectiona are wed, as sham in figure 31. With flap 
deflections of 40° or less there ia relatively  little effect. Their 
effectiveness  is minkined at a Mach Rtmber of C . 8 0  with no 3ndi- 
cation & decreaef~.effectiveness.- -=@re 32 shwa that, :with the 
tall remved, the flaps maintain their effectiveness  for  producing 
clFnibing moments t o  a Mach number of o.&. The fhpa are ale0 a 
powerful device fo r  increasing  the drag, aa shown by figure 33. 

800 f h p  ddlectipn. at zero lift  producea 100 percent o r  m o r e  
increase in drag. coefficf_ent at all Mach nunibere. 

Figure 34 shows lift coefficients for trim, etick f ree ,  when 
the wing or fuselage dive-recovery f l a p s  ax0 deflected, and the lift 
coefficient required for level flight at eeveral altitudes, W i & a  . .  . .  1. 
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30° deflection of the wing dive-?ecovery flap and t h e  trimteb6 e e t  
at Oo, an indicated  acceleration of 4g would bo obtained at 0.80 
Mach number and 10,000 feet altitude. For the Barns Mach numbor 
and altitude, an 80° deflection of tho fuselage dive-rocover; f l a p s  
would produce an indicated  acceleratlon of 2. 

The teat results indfcata  tho following: 

1. The drag and naxm llft coefficient of the Y M O A  model 
a8 measured at high a p e d  in the Anea 16-foot high-peod w i n d  tunnol 
are in good agreement wlth flight-test  data f o r  tho Yp8QA airplane. 

2. Although a diving tendency  will be reachod at approximpbtelr 
0.77 Mach nunber, the YF8OA airplane is controllable in pitch by 
the elevators to a Mach w b e r  of at leaet 0.85. 

3. The Y M Q A  airplane w i l l  have a etable variation of srtick 
force with speed belaw a Mach numbor of 0.- at 8ea levo1 and b a l m  
0.68 Mach number at 40,000 feet altitude whm trirmaed at 450 nfl~ 
per hour and 20,000 foet altitude. The variation of elePator -10 
for  trim  with epeed indicates- r t&)i l i ty  'belo% a Mach number of 0.53 
at 8ea level and below a Mach number of 0.72 at 40,000 feet. 

4. The fuaehge dive-recovery flaps are effective for recovery 
from dives  to a Mach nurQber of at  least 0.8. The speod of e dive 
will be noticeably reduced by the large incramnt of drag fran t h o  
flap. 

5. The wing  dive-recovery flaps are met  effective for dive 
recovery at a Mach nuGiber of O . n ,  but the effectiveness  docreases 
at hi&er Mach nuzdbera. The opt- location of those f l a p  f o r  
producing clinibjllg nomonta when mounted on the yp8oA ie at 35 
percent of the chord. 

6 .  It appeare fram an extrapolation of the data that, f o r  the 
Y p . 8 ~  aimphne, t h e  win& diw-rocovery flaw may loso their 
effectiveneee a t  a Mach number  at which tho elevators are still 
effective for cmtrollfng the  airplane. 
Anes Aeronautical Laboratory, 

Natioml Ad-viaory Ccnmlttee for Aermautic8, 
Moffett Field, Calif. 

Approved: 

J 

Donald H. Wood, 
Aeronautical w i n e o r .  
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FIGURE LEKXXJB 

Ff,we 2.- The Reynolds numb& for the YFeok  airplane 3n 'flight m 4  
f o r  the l/:-ecale model i n  the Amee 164oot hr&-epeed wind tunnel .  

a 

??!.@.re 3.- The 1/3-ecale model of the YP"&A ai.rplano . m a t e d  on tho 
four-strut supprt system. (a)  Frat vS.ew. (a) Rear view. 

Figure 4.-The w J n g  md-fuse@e dlvo-recover; flap mounted on 
t h ~  1/3-scale madel. -of tho YP-8q a i y p h m .  (a) W i ~ z  flaps.  
(b) ~ u s e ~ g o  flaw. ' 

Fbgura 9.- A cmpar!son of the drag coeff Lciont for tho Y M Q A  
airplaxe and the c m p l c t o  l/:-scalo modol of tho YP&A wfth 
accessor,!es at  the flight test lift coef f idant .  

Figure 10.- Var! .a t ian  of lift coefficlont with Ma~h numbcr for tho 
complete 1/3-+cale modol of tho  YF-&?A a3.r-e and a cgmparison 
of flight and winddunnel naaxirmun l l f t  coaffic!.ant data. 

-. 
C 

c 



a 

. 

t 

. - 
s . .. 

Figuro 14.- Stabiltzor cffoctivmmss for t h o  compl-otc l /+~cslO 
mods1 of tho Y P "  afrplano. Elevator w s ,  Oo. 

Figure 20,- Wculatod etick forcoe durfng pll;-ups f o r  the YP-8OA 
airplane. for throe contor-of-gravity poeitlons. Alrplam trimmod 
at 4.70 milos per hour at 20,oCO f o o t  altitudo. 

F i w e  22.- Cantf.nued. (b) Mac91 nmiber, 0.5. 

Figure 22.- Contlnuod. ( c )  Mach number, 0.6. 

Figure 22.- Cont!.nued. .. (dl Mach n h w ,  0.7. 

Figuro 22.- Continuad. (e} Mach numbar, 0.75 

Figuro 22.- Continued. (f 1 Wch nwber, 0.8. 

Figure 22.- Continued. (8) Mach rmmbar, 0.825. 
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Flgure 22.- Concluded. (h) &&.number, 0.85. 

Figure 23.- Tho affect of Mach nuzribor OT! tho p o e s w o  bietribut?on 
over tho w!ng of the. complete 1 /34cs lo  model of the YF"8OA 
a1rp-o. (a) L?ft coefficient, 0. 

Figuro 23. -  Concludod. (b) L i f t  coo f f i c imt ,  0.2. 

Ffguro 24.- Tho variation of max"m pi-ossurct coafficiont wlth Mach 
number for tho canploto l/+mXI"e modol of the Yp8QA airplane. 
Wing station, 26.00 Snchos.. 

F?.guro 26.- Tho I n c r m n t  of. p!.tch!ng-mmn% coofficiont from tho 
wing dlve"rocavory flap f o r  tho l / ~ + c a l o  modol of t h o  Y a Q A  
ar;rplana loss tho  tai l .  Flap posit?on, 35 porccnt of tho M.A.C. 

W.guro 2'7.- "her effect of f l a p  location on t h e  j n c r m n t  of 
p:tching+nmmnt cmfficiont fram tho  wing dlvo-rocwor;- S l a p  
f o r  the cmpleto l/?-ecalo mod61 of t h o  YP-8QP- airplano. Flap 
=@XI, 45O. 

Figure 28.- The offoct of f l a p  location on Lhc incremwt of pitchin-- 
mnmnf; coofficient f rom tho w i n g  divog.ccovor3- f l a p  f o r  tho 
mrnplo t e  l/3--flcale- modol of tho YP-8QA airplane lees tho tail. 
Flap angle, 459. 

Fjguro 29.- The incrcment of &rag coofficiont from tho wing dim" 
rocovoq f l a p s  f o r  the cmplets 1/3-e?alo modol of thc YP-8aA 
alrplana . . .  - . .  

Figure 30.- The offcrct of w?.ng ciiva-rocovor;r flaps m the p ~ . o s s w c  
dlstributicm o m r  the wing of tho complcto l/j-flcalc m d o l  of 
tho YP-SOA ajrplano. W i n g  stat:an, 26.00 inchos; %, %'. 

Figuo 31.- Thc iqcromont of pitching-momont cooff4cicnt from "tho 
fusolagc d'vo-rccovoq f l a p  for thu camplctc I/:-ecalo modol 
of tho Y P-8OA airplano . 

F.i guro 32 .- Tho incromont of p! tching-mmont coofl": ciont from thc 
fusolago d Sve-recovery f l epe  for tho 1/3-scalo modol of tho 
YP-8QA airplano loss tho tail. 

. 
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